High pressure single crystal X ray diffraction studies of a natural chondrodite, Mg 4.76 Fe 0.22 Ti 0.02 Si 1.99 O 8 (OH 1.26 F 0.74 ), and a synthetic OH chondrodite, Mg 4.98 Si 2.01 H 2.00 O 10 , were performed using a diamond anvil cell (DAC) up to 7.3 and 5.9 GPa, respectively and at room temperature. FT IR spectra of the natural chondrodite under high pressure conditions up to 9.9 GPa was also observed using a DAC. The axial linear compressibilities of these samples are calculated as βa = 1.69(4) × 10 ) for the synthetic OH chondrodite. The isothermal bulk moduli of these samples were calculated as K T = 124.1(4) GPa for the natural chondrodite and K T = 117(2) GPa for the OH chondrodite, by using the Birch Murnaghan equation of state assuming K = 4. The bulk moduli of total void space in each sample, assuming K = 4, were calculated to be K = 116(2) GPa for the natural chondrodite and K = 113(4) GPa for the OH chondrodite. The plots of bulk modulus versus the summation of the filling factor of polyhedral sites show a good correlation between the humite minerals. This relationship can be explained by the replacement of 4O 2− + Si 4 + 4(F, OH) − + generated in the humite homologous series. In the FT IR spectra of the natural chondrodite, four OH stretching vibrational peaks were observed at 3688, 3566, 3558 and 3383 cm −1 under ambient conditions. The pressure dependences of the frequency of these peaks up to 9.9 GPa are 2.8(3), 3.9(3), 4.0(3) and −2.1(2) (cm
, βb = 2.98(4) × 10 −3 and βc = 2.74(5) × 10 −3 (GPa ) for the synthetic OH chondrodite. The isothermal bulk moduli of these samples were calculated as K T = 124.1(4) GPa for the natural chondrodite and K T = 117(2) GPa for the OH chondrodite, by using the Birch Murnaghan equation of state assuming K = 4. The bulk moduli of total void space in each sample, assuming K = 4, were calculated to be K = 116(2) GPa for the natural chondrodite and K = 113(4) GPa for the OH chondrodite. The plots of bulk modulus versus the summation of the filling factor of polyhedral sites show a good correlation between the humite minerals. This relationship can be explained by the replacement of 4O 2− + Si 4 + 4(F, OH) − + generated in the humite homologous series. In the FT IR spectra of the natural chondrodite, four OH stretching vibrational peaks were observed at 3688, 3566, 3558 and 3383 cm −1 under ambient conditions. The pressure dependences of the frequency of these peaks up to 9.9 GPa are 2.8(3), 3.9(3), 4.0(3) and −2.1(2) (cm
Introduction
In the Earth's crust and deep interior, volatile elements, especially "Water (OH or H 2 O)", may play significant roles in the hydration and dehydration processes in subduction zones, and in the variations of the elastic and plastic properties of rocks and minerals. For example, Yusa and Inoue (1997) reported that in wadsleyite, the bulk modulus of its hydrous phase (K = 155 GPa) is smaller than that of its anhydrous phase (K = 170 GPa, Li et al., 1996) . This was also observed in ringwoodite, a polymorph of Mg 2 SiO 4 , (Inoue et al., 1998; Wang et al., 2003) . Water, which is supplied to rocks and minerals in subduction zones, is transported into the Earth's deep interior by the subduction of oceanic plates as "H 2 O and/or OH" in hydrous minerals such as serpentine, phologopite, K richterite, and others.
Chondrodite (n = 2) is one of "the humite group minerals" with the chemical formula, nMg 2 SiO 4 · Mg(OH, F) 2 (n = 1, 2, 3 and 4). In nature, fluorine rich phases of humite minerals are generally found in meta-morphosed and metasomatized limestones and dolomites, and skarns associated with ore deposits. Titano chondrodite and titano clinohumite were found in a xenolith derived from the Earth's upper mantle (Aoki et al., 1976) . Fluorine free OH chondrodite and OH clinohumite were synthesized under conditions corresponding to the upper mantle (ex. 12 GPa, 1158°C) in the system MgO SiO 2 H 2 O (Yamamoto and Akimoto, 1974, 1977; Burnley and Navrotsky, 1996; Wunder, 1998) . Thus, chondrodite is a hydrous mineral stable under upper mantle conditions and would be an important mineral as a reservoir and carrier of water in the Earth's interior.
The crystal structure of chondrodite is based on a slightly distorted hexagonal closest packed anion array, the same as that of forsterite. Ribbe et al. (1968) Fujino and Takeuchi (1978) suggested that the crystal structures of humite minerals could be composed of alternate layers whose compositions could be expressed by Mg 2n 1 Si n O 4n 2 and MgO(OH, F), n = 1, 2, 3 and 4 (n = 2 for chondrodite).
For the isothermal bulk modulus of chondrodite, Williams (1992) estimated (K = 115 GPa) on the assumption that the bulk modulus (K) of chondrodite is additive between forsterite, sellaite and brucite components. Faust and Knittle (1994) reported that the bulk modulus of natural chondrodite [F/(OH + F) = 0.73] was K T = 136.2 (8.8) GPa with a pressure derivative K = 3.7(4) calculated from powder X ray diffraction data up to about 40 GPa. This value is slightly larger than that of forsterite (K T = 122.6 GPa with K = 4.3, Kudoh and Takeuchi, 1985 ; K T = 125(2) GPa with K = 4.0(4), Downs et al., 1996) . In contrast, Sinogeikin and Bass (1999) reported that the bulk modulus of natural chondrodite with fluorine [F/(OH + F) = 0.32], obtained using the Brillouin scattering method, was K s = 118.4(1.6) GPa. Ross and Crichton (2001) reported that the bulk moduli of OH chondrodite [K T = 115.7(8) GPa, K = 4.9(2)] and OH clinohumite [K T = 119.4(7) GPa, K = 4.8(2)] were smaller than that of fluorine containing chondrodite. Thus, these results suggested that, in a polysomatic series such as the minerals of the humite group, the physical properties (ex. bulk modulus) of a "polysome" could be calculated simply by the average of those of the constituent slabs. Ross and Crichton (2001) discussed the relationship between bulk modulus and water contents of humite minerals on the basis of the chemical formula, but further data on specimens of intermediate compositions are needed to clarify the effect of the substitution of OH F on bulk compression. Friedrich et al. (2002) refined the crystal structures of natural F bearing chondrodite [F/(OH + F) = 0.58] at up to 9.63 GPa by the single crystal X ray diffraction method and of (OD 0.90 F 1.10 ) chondrodite at up to 5.27 GPa by the neutron powder diffraction method. They discussed the variations of the geometry of the O D···O/F hydrogen bond with increasing pressure. Yamamoto (1977) first determined the hydrogen positions of OH chondrodite from the analysis of X ray diffraction data and proposed that the hydrogen atoms would be disordered over the two OH sites. This situation was recently confirmed by the neutron diffraction study of Lager et al. (2001) . Williams (1992) observed the FT IR spectra of natural chondrodite [F/(OH + F) = 0.73] under high pressure conditions up to about 40 GPa. He found that negative and positive shifts of the OH stretching vibration peaks with increasing pressure. He deduced that the formation and reinforcement of hydrogen bonding would cause the negative peak shift, and the positive shift would be due to H H repulsion. Lin et al. (1999) reported the Raman spectra of a synthetic OH chondrodite and a natural chondrodite with [F/(OH + F) = 0.95]. In both samples, they observed only the positive pressure dependences for OH stretching frequency with increasing pressure. These findings indicate that the fluorine contents in chondrodite would influence not only the behavior of hydrogen bonding but also the compression mechanism of its structure under high pressure conditions.
In order to clarify the compression mechanism under high pressure and its influence on the physical properties, we investigated the crystal structure of chondrodite using single crystal X ray diffraction and FT IR spectroscopy under high pressure conditions with a diamond anvil cell. The effects of hydrogen and fluorine on the structural behavior was also observed during the study.
Experimental procedure Sample
A natural chondrodite sample (Krantz Collection #Q88, Tohoku University), from the Tilley Foster Mine in Brewster New York, U.S.A., was used for X ray diffraction and FT IR spectra measurements. OH chondrodite was synthesized at 6 GPa and 900°C for 11 hours using a Kawai type high pressure apparatus (ERI 2000) for the synthesized one. For high pressure experiments, a small piece of ruby was placed with each specimen in a DAC as a pressure indicator.
X ray measurements
A modified Merrille Bassett type diamond anvil cell (Kudoh and Takeda, 1986 ) was used for the high pressure experiments. SUS301 stainless steel circle plates with a 200 μ m hole in the center were used as a gasket. A 4:1 fluid mixture of methanol and ethanol was used as a pressure medium. Generated pressures were determined by the ruby fluorescence method (Piermarini et al., 1975) .
For the natural sample, all X ray measurements were performed using an automated four circle X ray diffractometer (Rigaku, AFC 7S) with graphite monochromatised MoKα radiation (λ = 0.71069Å) operated at 50 kV and 40 mA. Cell parameters of this specimen at each pressure point (ambient, 3.8, 4.8, 5.5, 6 .2 and 7.3 GPa) were determined from 18 25 centered reflections in the 2θ range between 11.3° and 30.5°. The X ray diffraction intensities of the natural chondrodite were measured up to sinθ /λ < 0.7 (Å −1 ) by the 2θ ω scan with the fixed φ method at pressures of 3.8, 5.5 and 7.3 GPa. For the synthesized sample, X ray diffraction data was measured with an automated four circle diffractometer at the beam line BL 10A of Photon Factory, High Energy Accelerator Research Organization, Tsukuba, Japan. The wavelength of the synchrotron radiation was calibrated by the unit cell constants of a ruby standard crystal at ambient conditions (λ = 0.6985Å for 0.3 GPa, λ = 0.6970Å for 3.7 GPa, λ = 0.6998 Å for 4.2 and 5.9 GPa data sets). Cell parameters of the synthetic OH chondrodite at each pressure point (0.3, 3.7, 4.2 and 5.9 GPa) were determined from 25 centered reflections in the 2θ range between 14.6° and 35.0°. The X ray diffraction intensity data of the OH chondrodite was collected up to sinθ /λ < 0.77 0.82 (Å −1 ) by the ω scan with the fixed φ method at the pressures of 3.7 and 5.9 GPa (maximum 2θ is 70° for 3.7 GPa and 65° for 5.9 GPa).
Structural refinement information
For all data sets, the reflection intensity data with I o > 2.0σ (I o ) was used for structural refinements. After Lorentz polarization corrections, the intensities of symmetrically equivalent reflections were averaged in the Laue group 2/m. Extinction corrections were applied. No absorption corrections of the crystals were applied because of the small absorption coefficient value (μ = 14.1 cm −1 for the natural specimen and μ = 10.2 cm −1 for the synthetic one) and the small size of the crystals. The initial parameters of both samples with space group P2 1 /b (α angle obtuse) were taken from Gibbs et al. (1970) . Hydrogen positions were not refined. All calculations were performed using the teXsan crystallographic software package from Molecular Structure Corporation (1992) .
In the refinement of the natural chondrodite of the ambient data set, anisotropic temperature factors were used for non hydrogen atoms. The occupancies were refined with Mg and Fe for M1 and M2 sites, and with Fe and Ti for M3 sites. The site occupancy of O5 corresponded to (OH, F) was fixed by the EPMA result (OH : F = 63 : 37). The
weights, where σ 2 c (F o ) is the estimated standard deviation based on counting statistics and p is p factor, were applied. A difference Fourier synthesis map was calculated after refinement with an overall scale factor and positional and anisotropic temperature parameters using the ambient conditions data set. A small residual peak (0.115, 0.004, 0.040), which is about 0.9Å from O5 and corresponded to the hydrogen (H1) site of Yamamoto (1977) , was observed but no parameters of this site were refined.
In the refinements of high pressure data sets, the occupancies of each M and O5 sites of the natural sample are fixed by the results of the room pressure conditions. The temperature factors of all atoms in both chondrodites are isotropic. The
weights were applied for the Photon Factory's data sets of OH chondrodite. The 1 σ 2 (F o ) weight was used for the structural refinements of the natural chondrodite under high pressure conditions.
Refined cell parameters of both samples are given in Table 1 . The conditions of structural refinements of both samples are summarized in Table 2 . Final structural parameters and the selected bond distances of both specimens are given in Tables 3a, 3b and 4, respectively.
FT IR observation
A Fourier transform infrared (FT IR) spectrometer (JEOL, Diamond20) with an MCT detector was used for all infrared spectroscopic experiments of the natural chondrodite. The FT IR spectra were measured in the spectral region from 400 to 4000 cm −1 with a resolution of 2 cm −1 . A KBr beam splitter was used. In high pressure FT IR observations, a Merrille Bassett type diamond anvil cell was used for FT IR spectra observation under high pressures up to 9.9 GPa. An Inconel X750 steel circle plate was used as a gasket with a 300 μ m hole in the center. Fluorinert, an inactive fluid for infrared spectra, was used as a pressure medium. Although Fluorinert changed to a vitreous state at around 4 GPa, we assumed that quasi hydrostatic conditions were kept up to 10 GPa. Generated pressures were determined by the ruby fluorescence method (Mao et al., 1986) .
Results and discussion

Axial and volume compression of natural and synthesized chondrodites
The variations of a , b and c axial lengths of both samples versus pressure are plotted in Figure 1 (a, b) . The axial lengths decrease linearly with increasing pressure over the investigated pressure range. The linear compressibilities of each axial length, which calculated from this data, are βa = 1.69(4) × 10 and β c = 3.04(38) × 10 −3 (GPa −1 ) for the synthetic OH chondrodite, where the cell parameters at ambient conditions of the OH chondrodite used in the axial compressibility calculations were quoted from Yamamoto (1977) . Ross and Crichton (2001) ), up to 8.1 GPa]. The compressions of the b axis direction in the humite minerals are similar each other. The β values of the a and c axis of OH chondrodite are slightly larger than those of OH clinohumite. The compressions of the a and c axial directions of minerals of the humite group would be the key to understand their compression mechanism. The chondrodite structure has three octahedral sites (M1, M2 and M3) and one tetrahedral site. M2 and M3 cations are coordinated by one and two (OH, F) anions, respectively, whereas anions without bonding an (OH, F) anion, denoted as O5, bonds to M1 cation. The key structural unit of the humite minerals, which is a serrated chain of edge sharing octahedra (for example, the 4 3 4 zigzag chain in the chondrodite structure), runs parallel to the c axis (Fig. 2) . These octahedral chains are connected by the TO 4 tetrahedra, which share corners. The c axis corresponds to the stacking direction of the forsterite like and brucite like slabs. The β c values in minerals of the humite group become more compressible as the proportion of the brucite like slabs increase. The compression of MgO(OH,F) 6 octahedra would influence compression in the c axis direction. The a axis corresponds to the stacking direction of a slightly distorted hexagonal closest packed array of oxygen. The tendency of the octahedra to be coordinated with hydroxyl in this polysomatic series decreases as the component of the forsterite like slabs increase. The differences in βa values in humite minerals might be produced by the proportion of hydroxyl in the anion packed array. Thus, comparing the β values between the natural and synthetic chondrodites, the slight differences in the compression along the a and c axis directions can be attributed to the replacement of F OH caused by the differences of the ionic radii. One of the effects of the substitution of F for OH is the volume change of the octahedron coordinated with hydroxyl anions (Table 4 ). The decreasing ratios in the mean M2 O, M3 O distances and the M2, M3 octahedral volumes of the OH chondrodite at 5.9 GPa are higher than those of the natural chondrodite at 7.3 GPa. Thus, the compressions of M2 and M3 octahedra in the chondrodite structure, which have hydrogen coordinated O atom, would affect the compression of the axial lengths.
Compression curves of the natural chondrodite and synthetic OH chondrodite are plotted in Figure 3 . The isothermal bulk moduli of both samples, which were calculated by the Birch Murnaghan equation of state assuming K T′ = 4, were K T = 124.1(4) GPa and K T = 117(2) GPa, respectively. If we assume K = 4.9, derived from Ross and Crichton (2001) , the bulk moduli can be calculated to be obtained K T = 121.6(5) GPa for the natural sample and K T = 115(2) GPa for the OH chondrodite. These values are consistent with those of Ross and Crichton (2001) . Parise et al. (1998) suggested a simple correlation between the bulk modulus (K) and density (ρ ) for dense hydrous magnesium silicate minerals (DHMS) and hydroxides (Fig. 4) . Our results are consistent with their relationship. (6) 
Structural variations of natural chondrodite
In both the natural chondrodite with F/(OH + F) = 0.37 and the OH chondrodite used in this study, the mean Si O distances in the tetrahedra of both samples do not vary largely in the investigated pressure range (Table 4) , indicating that the SiO 4 tetrahedra behave like a rigid body in both specimens. In contrast, the mean M O distances of the octahedra decreased with increasing pressure (Table 4) ; the mean M1 O, M2 O and M3 O distances of the natural chondrodite decrease by 1.6 1.8 % for an increase in pressure up to 7.3 GPa, and those (M2 and M3) of the OH chondrodite decreased by 1.5 2.0 % up to 5.9 GPa, but that of M1 is unchanged. The bulk moduli of each
The λ and σ 2 are given after Robinson et al. (1971) . a Unshared O5 ... O5 distance related to hydrogen bonding. b Shared O5 O5 edge length between M3 octahedra. For the synthetic OH chondrodite and Yamamoto (1977) data, (OH,F) is (OH). Table 4 . Selected bond distances (Å) and polyhedral information of natural chondrodite and synthesized OH chondrodite octahedron of the present natural chondrodite with F/(OH + F) = 0.37 were calculated to be K M1 = 122(7), K M2 = 149(12) and K M3 = 147(15) GPa assuming K = 4 using the Birch Murnaghan equation of state. In contrast, the K M2 and K M3 values of the synthetic OH chondrodite were 93(8) and 69(10) GPa, respectively. The K M1 value can not be calculated because the polyhedral volume of the M1 site was not changed in this investigated pressure range. In general, the bulk modulus of Mg octahedral site in oxide and silicate minerals is about 140 160 GPa calculated from the equation of Hazen and Finger (1982) ,
, where K p is the polyhedral bulk The key structural unit of chondrodite, a serrated 4 3 4 chain of edge sharing octahedra, running parallel to the c axis (black solid line). The olivine like slabs are marked "O", and the brucite like slabs " " (modified after Taylor and West, 1929) . (b) Crystal structure of chondrodite surrounding the O5 site at ambient conditions. Hydrogen site data is from Yamamoto (1977) . The black line shows hydrogen bonding between O5 atoms related to the H1 site. The white dashed line is related to the H2 site. The hydrogen bonding between O5 and O1 or O2 is not probably formed. modulus, d is the mean cation anion bond distance, S 2 is the "ionicity" term, in silicates, S 2 = 0.5, z c is the cation formal charge and z a is the anion formal charge. Our results show that the bulk modulus of octahedron having some hydroxyl anions becomes slightly smaller as hydroxyl anions increase.
The bulk moduli of the total void space of both samples, calculated by the Birch Murnaghan equation of state, are K = 116(2) GPa for the natural chondrodite and K = 113(4) GPa for the OH chondrodite, if we assume K = 4. The total void space is defined as (the unit cell volume of sample) (the summation of the volumes of each polyhedron in its unit cell). These values are slightly smaller than the bulk moduli of the respective crystals (K T = 124 GPa and K T = 117 GPa). In forsterite, the K value is 121(2) GPa assuming K = 4 using the data of Kudoh and Takeuchi (1985) . In polysomatic series such as forsterite and humite minerals, one half of "available" octahedral sites are occupied, whereas the filling rates of "available" tetrahedral sites are different (1/8 for forsterite, 1/9 for clinohumite, 3/28 for humite, 1/10 for chondrodite and 1/12 for norbergite). This is because the replacement of Si 4 + + 4O 2− 4(OH,F) − + are generated in the humite homologous series (Ribbe, 1982) . The plots of bulk modulus versus the summation of the filling factor of polyhedral sites show a good correlation for the minerals of the humite group ( Berry and Mason, 1959) . In this study, the P.I. was calculated on the assumption that all anions are oxygen contained in the chondrodite structure, where Shannon's ionic radii (Shannon, 1976) were used for the calculation. The difference, therefore, in the P.I. between the natural and synthetic chondrodites indicates the difference of unit cell volume between both samples, reflecting the effects of OH F replacements on the structural variation of chondrodite. 
FT IR observations of natural chondrodite
The variations of the FT IR spectra of the natural chondrodite up to 9.9 GPa are shown in Figure 6 (a, b) . The present FT IR spectra pattern at ambient conditions is in good agreement with those of Williams (1992) and Cynn et al. (1996) . Four OH stretching vibration peaks are observed at 3383, 3558, 3566 and 3688 cm −1 at ambient conditions. The assignments of these peaks were based on the results of Cynn et al. (1996) . In contrast, Akaogi and Akimoto (1986) showed that five IR spectra peaks (3465, 3530, 3570, 3615 Akaogi and Akimoto, 1986) . Figure 6 (a, b) show that the 3383 cm −1 peak shifts to a lower wavenumber (3363 cm −1 ) with increasing pressure up to about 6 GPa, while the peaks at 3558, 3566 and 3688 cm −1 shift to higher wavenumber (3573, 3579 and 3706 cm −1 , respectively). At over 6 GPa, the weak and broad peak appears newly around 3740 cm −1 , but its peak position could not be determined. The dυ /dP values of the 3688, 3566, 3558 and 3383 cm −1 peaks at ambient conditions, which calculated from all data point, are 2.8(1), 3.9(3), 4.0(3) and −2.1(2) cm −1 GPa −1 , respectively (Fig. 6b) Williams (1992) . Yamamoto (1977) reported two hydrogen sites (H1 and H2) and three types of OH orientation vectors for OH chondrodite. According to his results, both hydrogen atoms bond to O5 oxygen. H1 H1 and H2 H2 distances are 1.72 and 3.27 Å, respectively. The H1 H1 distance is so short that hydrogen atoms are statistically distributed over the two sites (H1 and H2) with 50% occupancy to avoid the H1 H1 electrostatic repulsion. The angles of O5 H1···O5 and O5 H2···O5 are about 176 and 77 , respectively. The H1 atom would form hydrogen bonds between the O5 atoms. Williams (1992) proposed that the absorption band at 3383 cm −1 observed in natural chondrodite would be related to the hydrogen bond involving hydroxyl attached to the M2 cation, while Cynn et al. (1996) suggested the band to the hydrogen bonding of the triangular site or the H atoms share border with oxygen other than the triangular coordinated site (e.g. the tetrahedral site). Thus, hydrogen bonding in the chondrodite structure was considered to exist in the separation between O5 atoms bonding to M3 and to M2. Nakamoto et al. (1955) reported that as O H···O hydrogen bond distance shortened, the frequency of the OH stretching vibration changed to a lower value and vice versa. This lower shifts of OH stretching vibration bands with increasing pressure were observed in brucite, portlandite and several other hydrous minerals under high pressure conditions (Verde and Martinez, 1981;  of the natural chondrodite up to 9.9 GPa. Kruger et al, 1989; Shinoda and Aikawa, 1998) . In the present natural chondrodite, the O5⋅ ⋅ ⋅ O5 distance decreases from 2.941 to 2.78 Å (5.5 % decrease) with increasing pressure up to 7.3 GPa. This decreasing ratio is smaller than that (10% decrease) of the O⋅ ⋅ ⋅O distance related to hydrogen bonding in phase A structures up to 6.2 GPa (data from Kudoh et al., 2002; Kuribayashi et al., 2003) . Although the degree of the increase in the strength of hydrogen bonding in the natural chondrodite with increasing pressure would be small compared with that of phase A, this decrease in O5⋅ ⋅ ⋅ O5 distances [from 2.941(2) to 2.78(2) Å] would strengthen its related hydrogen bonding. Hence, the variation of the hydrogen position related to the unshared O5⋅ ⋅ ⋅O5 would cause the negative shift of the present IR spectrum of 3383 cm −1 with increasing pressure. In contrast, the shared O5 O5 edge distance ( [3.201(2) 3.20(2) Å] bond distances was unchanged up to 7.3 GPa. These (O1, O2 and O3) oxygens are related to the hydrogen of the H2 site. If hydrogen bonding forms between O5 and O1 or O2 or O3, hydrogen bonding would not be strengthened significantly with an increase in pressure. At ambient condition (data from Yamamoto, 1977) , the nearest H1⋅ ⋅ ⋅O4 distance is longer than 3Å and the O5 H2⋅ ⋅ ⋅ O4 angle, where the H2⋅ ⋅ ⋅ O4 distance is 2.66Å, is about 80 , then the hydrogen bonding should not be formed between O5 and O4. In the DHMS phase, Hofmeister et al. (1999) proposed that high frequency bands, which reflect weak hydrogen bonding, should show the positive shifts related to the compression of the O H bonds. Lager et al. (2001) showed that the positive pressure dependence of O H bands in F bearing and OH chondrodites was consistent with the existence of weak hydrogen bonds in these structures from the preliminary data of Friedrich et al. (2002) based on the model proposed by Hofmeister et al., (1999) . From the results of these previous studies, it follows that the positive pressure dependence of the present IR peaks observed at 3558, 3566 and 3688 cm −1 under ambient conditions is probably caused by the compression of the O5 H bond, which is related only to the M3 site.
